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(57) Abstract: 

PURPOSE: To simplify the production process and to 
obtain a stabilized forming condition favorable to 
production by forming a transparent conductive film with 
a ZnO film added with Ga. 

CONSTITUTION: A plastic substrate having an electrode 
consisting of a transparent conductive -film is used for 
an electrode tiq. display, and a ZnO film incorporated 
wiUi Ga is used as the transparent conductive film. The 



cdntent of Ga is controlled to 0.5-20 atomic % of Ga 
plus 2n. The transparent conductive film is formed by 
sputtering with a ZnO sintered compact incorporated with 
Ga as a target A large-area film is formed and a higher 
film forming rate of ^7nmsec is realized by DC 
sputtering, and higher productivity Is expected. 
Consequently, the adhesion between the substrate and 
film is enhanced, the patterning property is improved, 
and the plastic material to be used for the substrate is 
not restricted. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode for liquid crystal displays. 
[0002] 

[Description of the Prior Art] Although widely used as small indicators, such as instruments, from before, 
promising ** is most carried out recently, development of an electrochromatic display display device 
progressing by the advance of a detailed-ized technique etc., and using a liquid crystal display component as the 
technique which enables lightweight-izing of the display screen which is the problem of the Braun tube, and 
sheet metal-ization. It is actually spreading through tiie image display of small television or a portable personal 
computer quickly. Although the approach of producing and panel-izing a liquid crystal display component on a 
glass substrate is now main, compared with the glass substrate, that workability is easy, lightweight being a 
thing, that deformation is possible, it being hard to be divided, and a plastic plate since it is cheap attract 
attention, and it is coming for the first time recently. 

[0003] It is In 203 by which Sn was added on the other hand since it said conventionally that specific resistance 
was low as transparence electric conduction film for electrodes formed on the glass substrate of the electrode 
for liquid crystal displays. The film (ITO) is common. However, in using the ITO film for a plastic plate, some 
technical problems occur. 

[0004] Since the ITO film needs to raise substrate temperature at the time of membrane formation in order to 
obtain high conductivity, only the plastic material which can bear this high substrate temperature can be used a 
membrane formation process not only becomes complicated, but, but the ingredient which can be adapted has a 
limit. 

[0005] moreover ~ although the transparence electric conduction film is etched in the case of electrode 
production by patterning, since the ITO film has high chemical stability — as an etching agent ~ FeC12 etc. ~ it 
is necessary to use the strong acid containing a reducing agent For this reason, the plastic plate which can bear 
such a strong etching agent must be used. 

[0006] Since the crystallinity acquired with membrane formation temperature differs, an etch rate changes with 
membrane formation conditions, or dispersion comes out of the ITO film to an etch rate under the effect of the 
internal stress of the comparatively large film generated after membrane formation, and the sharpness of 
patterning is furthermore hard to be obtained. 

[0007] And when the direct ITO film was formed in plastics, not only adhesion reinforcement with a substrate 
is low, but there was a problem of a plastic plate front face deteriorating by the plasma of oxygen gas required 
as a membrane formation ambient atmosphere. 

[0008] In order to conquer these problems, the technique of performing special surface treatment to a plastic 
plate front face is examined. For example, the etching-proof agent nature of a plastic plate, a water resisting 
property, gas barrier property, and for the purpose of the improvement in adhesion with the ITO film, a metal 
oxide film is formed in a plastic plate front face, and forming the ITO film of the transparence electric 
conduction film for electrodes fUrther after that is proposed (JP,54-12602,B). However, a film configuration 
becomes complicated and the problem that a production process also increases is expected. 
[0009] By the way, if possible [ since expensive In is a principal component, the ITO film has high ingredient 



cost, and ], conversion on other cheap transparence electric conduction film is desired. As transparence electric 
conduction film other than the ITO film, it is the ZnO film and Sn02. The film is known. 
[0010] Although, as for the ZnO film, addition of aluminum, In, B, etc. is tried for the purpose of the reduction 
in resistance by low-temperature membrane formation since specific resistance is high, only about [ 1x10- 
3ohmcm ] specific resistance is obtained. Then, the method of performing heat treatment in a vacuum is after 
membrane formation for the purpose of raising transparency and conductivity, and a production process 
becomes complicated and leads also to a cost rise. It is thought from the above reason that use is difficult for the 
ZnO film as transparence electric conduction film for electrodes of the electrode for liquid crystal displays. 
[001 1] Moreover, Sn02 Since it is necessary to use a CVD method with high substrate temperature in order for 
the film to obtain high conductivity, now, it is thought that application on the transparence electric conduction 
film for electrodes of the electrode for liquid crystal displays on a plastic plate is difficult. 
[0012] 

[Problem(s) to be Solved by the Invention] This invention aims at offer of the electrode for liquid crystal 
displays which does not receive constraint of the plastic material used for a substrate. Moreover, it aims at offer 
of the electrode for liquid crystal displays which was excellent in conductivity and patterning nature and was 
excellent also in processing cost and productivity. Furthermore, the adhesion of a substrate and the film is high 
and aims at offer of the electrode for liquid crystal displays which can be formed, without using the oxygen gas 
which degrades a substrate front face. 
[0013] 

[Means for Solving the Problem] In the electrode for liquid crystal displays using the plastic plate which has the 
electrode with which this invention consists of transparence electric conduction film, the electrode for liquid 
crystal displays characterized by this transparence electric conduction film being ZnO film with which Ga was 
added is offered. 

[0014] Since room temperature membrane formation is also crystalline good high transparence electric 
conduction film, the ZnO (henceforth GZO) film with which Ga used by this invention was added has the 
uimecessary vacuum heat treatment of the film after the membrane formation for discovering required high 
permeability and low resistance by the conventional ZnO film. Therefore, while production equipment can be 
simplified, the damage to the plastic plate by heating is avoidable. Therefore, as an ingredient of a plastic plate, 
general-purpose plastic material, such as polyester, polyether sulphone, a polycarbonate, acrylic resin, and 
polyarylate, can be used. 

[0015] in order to raise the adhesion of the GZO film and a plastic plate — Si02 etc. ~ although inorganic 
surface treatment can also be performed, since the GZO film in this invention can be formed in an argon 
ambient atmosphere, it does not have degradation by the oxygen gas plasma, and can also be directly formed on 
a plastic plate. 

[001 6] Since the GZO film formed on the plastic plate can be easily etched with the weak acid liquid of 
ordinary temperature, it excels in patterning nature and the plastics of a substrate is not degraded at the process 
of patterning. 

[001 7] Below 20 atom % of the content rate of Ga in the GZO film is desirable more than 0.5 atom % to total of 
the metal atom of the point of the internal stress of conductivity or the film to Ga and Zn. 
[0018] Although it can be manufactured with a RF-sputtering method, the DC sputtering method, a vacuum 
deposition mettiod, a chemical- vapor-deposition metiiod, and the other membrane formation techniques of 
arbitration, its adhesion to a substrate is high, and since the creation approach of the GZO film tends to control 
Ga addition, forming using the sputtering method is desirable [ the approach ]. 

[0019] the case of the sputtering method ~ as the target of a raw material - a metal and an oxide - although 
both can be formed, in order to fiiUy demonstrate the ftinction offered by this invention, it is most desirable to 
use as a target the sintered compact of ZnO with which Ga was added. 

[0020] Since the sintered compact of GZO has conductivity, by the DC sputtering method comparatively cheap 
as a production machine, large area membrane formation and a high 7nm [/second ] or more membrane 
formation rate can be realized, and improvement in productivity can be expected. 
[0021] 

[Function] Since the GZO film can be formed in the ambient atmosphere of only inert gas while it can carry out 



[ low **** ]-izing also in low-temperature membrane formation more than the ITO film and an EQC, since 
reactant gas like oxygen gas does not exist, there is no problem of control of a reaction, and film formation by 
which various properties were stabilized can be performed. 

[0022] For this reason, formation of the transparence electric conduction film is attained with substrate heating 
at the time of membrane formation, and the plasma-ized reactant gas, without degrading various properties, 
such as permeability of a plastic plate. 

[0023] Moreover, at the etching process in the case of patterning, since a weak acid solution can be used for the 
GZO film in this invention as an etching solution, it can carry out patterning of the electrode, without making a 
plastic plate corrode. When the GZO film of this invention is used as the transparence electric conduction film 
for electrodes from these reasons, the range of the ingredient of the plastic plate which can be adapted can be 
extended. 

[0024] Furthermore, since cheap membrane formation equipment can be used and a membrane formation rate 

becomes quick when the DC sputtering method is used as the membrane formation approach, a cost cut is 

possible. Moreover, since the ZnO system is cheap as compared with expensive ITO, the cost cut of the cost of 

materials can also do a raw material. 

[0025] 

[Example] 

By [example 1 and examples 1-2 of comparison] 30cmx26cm, about BOOnm various transparence electric 
conduction film was formed by the DC sputtering method on the polycarbonate resin substrate v^th a thickness 
of 0.4nmi about the case where substrate temperature is 25 degrees C and 100 degrees C. The presentation of 
the transparence electric conduction film with which it was obtained in any case was almost the same as the 
presentation of the used target. In addition, since film exfoliation arose in the example 1 of a comparison when 
membranes were directly formed on the substrate, it is Si02 as substrate film. The film was formed. 
[0026] The membrane formation conditions at this time, and the obtained membranous specific resistance and 
the membranous membrane formation rate are shown in Table 1. The maximum power flux density and the 
maximum membrane formation rate which can be supplied were also measured, and it was showoi in Table 1 . 
The addition rate of the addition metal in the target shown in front Naka is an amount to total of all the metal 
atoms in a target. Moreover, 02 in the sputtering ambient atmosphere in the example 1 of a comparison An 
amount is Ar and 02. It is one volume % to total. 

[0027] In the example 2, the [example 3 of comparison] example 1, and the example 1 of a comparison, about 
the GZO film and ITO film which were formed at the substrate temperature of 100 degrees C, the 
photolithography method was used on each of that transparence electric conduction film, the pattern was 
produced, it etched with the monograph affair shown in Table 2, the resist was removed after that, and the 
damage of the etch rate of each transparence electric conduction film, patterning nature, and a substrate was 
investigated. A result is shov^ in Table 2. 

[0028] By [examples 3-4 and examples 4-5 of comparison] 30cmx26cm, the GZO film, the ITO film, and the 
aluminum addition ZnO (henceforth AZO) film were formed by the DC sputtering method on the polycarbonate 
resin substrate v^th a thickness of 0.4mm at about 300nm of thickness, respectively. In addition, the 
presentation of the used target is the same as the case of Table 1 respectively. Substrate temperature was made 
[ film / GZO ] into 100 degrees C about a room temperature and 100 degrees C, the ITO film, and the AZO 
film. 

[0029] Patterning was carried out to the predetermined electrode configuration with the weak acidic etching 
solution after membrane formation. The electrode for a TN liquid crystal display was produced with this 
polycarbonate resin substrate with an electrode. 

[0030] Change of the capacity frequency characteristics in IkHz before and behind a heat-resistant humidity 
resistance test and DC energization trial, i.e., specific-inductive-capacity epsilon***, was measured in order to 
evaluate dependability about the obtained electrode for liquid crystal displays. Moreover, change of the 
alternating current value before and behind a heat-resistant humidity resistance test and DC energization trial 
(muA) was measured. The electrical potential differences of this alternating current are a sin wave, 32Hz, and 3 
VP-P. In addition, heat-resistant humidity resistance test conditions are 80 degrees C, RH90%, and 500 hours, 
and DC energization test condition is 5 V or 500 hours. These results are shovm in Table 3. 



[0031] As shown in Table 3, also in low-temperature membrane formation of 100 degrees C or less, the 
electrode for liquid crystal displays of this invention using the GZO film has small capacity frequency 
characteristics and rate of an alternating current value change before and behind a heat-resistant humidity 
resistance test and DC energization trial, and is excellent in dependability. 
[0032] 
[Table 1] 















7. 5®^?6S 


2. 5M^S6A 






n^iraoi TO 






Ar 


Ar +0, 


Ar 


Vcmi (Ocm) 










4X1 


7X1 


2X 1 




3X1 


5X10-* 


1X10"' 










^aymm. (na/s) 


1. 3 


1. 3 


1. 0 


fk^-hmm (w/ctf) 


7. 0 


4. 0 


2. 0 


(nin/s) 


9. 1 


5. 2 


2. 0 



[0033] 
[Table 2] 
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[0034] 
[Table 3] 
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[0035] 

[Effect of the Invention] In the process of manufacture, as for the electrode for liquid crystal displays of this 
invention, oxygen gas has high conductivity unnecessarily [ substrate heating ] unnecessarily. Therefore, a 
manufacture process can be simplified and the desirable stable formation conditions are acquired by production. 

[0036] Moreover, the electrode for liquid crystal displays of this invention does not have constraint of the 
plastic material used for a substrate, either, v^hile the adhesion of a substrate and the film is high and patterning 
nature is excellent. 

[0037] Moreover, if the sputtering method is used, since conductivity is in a target, membrane formation to the 
large area substrate by DC sputtering can be performed. 

[0038] Since the formation rate is fully large even if it compares with the further existing transparence electric 
conduction film, productivity can be raised sharply. 

[0039] Moreover, since it is cheap compared with the conventional ITO film, raw material expense combines 
with high-speed membrane formation, and the creation of the cheap electrode for liquid crystal displays of it is 
attained. 



[Translation done.] 



